The invasion of southern South America by imported bumblebees and associated parasites by Schmid Hempel, Regula et al.
This article has been accepted for publication and undergone full peer review but has not 
been through the copyediting, typesetting, pagination and proofreading process, which may 
lead to differences between this version and the Version of Record. Please cite this article as 
doi: 10.1111/1365-2656.12185 
This article is protected by copyright. All rights reserved. 
ǣͲͻǦǦʹͲͳ͵ǣͳ͹ǦǦʹͲͳ͵ǣͳͺǦǦʹͲͳ͵ǣǣǣ
The invasion of southern South America by imported bumblebees  












This article is protected by copyright. All rights reserved. 
ͷͺͶȋͳͻͲͲȌǡͶȌ×ÀǡÀǡǤǡʹͻͷͲÀǡͷȌǣǡǤǡǡͳ͸ͺͲͳǡΪȌǣ	ΪͶͳͶͶ͸͵ʹͳʹͳ͹ǡǣ̷ǤǤǣǡǡǡǡǡǡBombusǡ CrithidiaǡNosemaǣ














This article is protected by copyright. All rights reserved. 
B. 
terrestrisǡ̵ǤͶǤǡB. terrestrisǡB. dahlbomii ǤǤ
 











This article is protected by copyright. All rights reserved. 
ǡȋ̶̶Ȍȋ et al.ʹͲͲͺǢ et al.ʹͲͲͶȌǤǤǡǡǤǡǦǤȋ
ƬͳͻͻͺȌǤȋ
ʹͲͲ͵ǢƬʹͲͲ͸ȌǤǡBombus terrestrisǤB. impatiensȋB. occidentalis
ȌǡȋƬʹͲͲ͸ȌǤǡȋ et al.ʹͲͲ͸Ǣ
ǡƬʹͲͲͺǢͳͻͺʹȌǡȋ et al.ʹͲͳͳȌǤǦǦǡȋ et al.ʹͲͳͳȌǤȋ 











This article is protected by copyright. All rights reserved. 
Ǧȋ
ǡƬʹͲͲ͸Ǣ et al.ʹͲͲͶȌǤBombus ȋͳͻͳͶǢ	Ƭ
		ͳͻͻͲȌǤǡBombusȋȌͳͻͺͲͳͻͻͲǤǡǡCrithidiaȋȌNosema ȋParanosema,ȌǤǡȋǡƬʹͲͳͳȌǤǡȋʹͲͲͶȌBombus ǡȋ et al.ʹͲͳ͵Ǣ

ǡƬʹͲͳͳǢƬ
ʹͲͲͻǢ et al.ʹͲͲͻǢ et al.ʹͲͳͳȌǤǡǤ











This article is protected by copyright. All rights reserved. 
ǡȋƬAͳͻͺʹǢǡƬʹͲͲ͹ǢǡƬʹͲͲͶȌB. dahlbomii 
±Ǧ± 
B. opifexǤ	B. RUDERATUS 	ǡB. ruderatus	ȋͳͺͺʹȌͳͻͺʹȋͳͻͻȌͳͻͺ͵ȋͳͻʹȌǡȋƬ	ͳͻͺ͸ȌǤǤǡ











This article is protected by copyright. All rights reserved. 





Ǥ	B. terrestris ʹͲͲͺǦʹͲͲͻȋͲͺǦͳͳͳͳȌǤǤȋǡÀǢʹͲͳʹǢǤǡǤǤȌͳͻͻ͹	ǦǢͳͻͻͺǡ×ǡ	ǡǡǡǡȋ et al.ʹͲͳͳȌǤ











This article is protected by copyright. All rights reserved. 
impatiensȋʹͲͲʹȌǤǢǤ
Material and methods 
















This article is protected by copyright. All rights reserved. 
̶ǣǡǡǢȋͶȌ̶̶ǣǢȋͷȌ̶̶ǣǡǤȋǦǡͶȌBombus ǡǤǤƬʹͲͲͳǢʹͲͲͳǤǡǤǤǡBombusǤȋAlstroemeria aureaȌǡB. dahlbomiiȋʹͲͲͳȌǡFuchsia ȋmagellanicaȌǡǤǤ

































ʹͲͳͲȌ, Nosema bombi	ƬͳͻͳͶȋȌȋͳͺͳͷ͵͹ et 
al.ͳͻͻͷȌǤ	ǡ̺ȋǡǡȌǤǡǤǦȋǢƬͳͻͻͶǢ et al.ͳͻͻͶȌǡ̺͵ͳ͵ͲȀ͵͹͵ͲȋȌǤͳʹǤͷǤͳȋǤǡǡȌǤ	CrithidiaǡǦ̶ͳ̶ǡC. bombi Ƭͳͻͺͺ ȋǦƬ
ʹͲͳͲȌǤǡ C. bombi Ͷ



























This article is protected by copyright. All rights reserved. 
ȌǤǤǤ
Results 	ǡB. dahlbohmiiǡͳͻͻͲ̵ȋ et al.ʹͲͳͳȌ	ͳǤ	ǡB. ruderatusÀǡǡͳͻͻ͸ȋ






























This article is protected by copyright. All rights reserved. 
	
Crithidia bombi.  ǡC. bombiͳͶǤ͵ΨǡͺͲΨǡǦȋ	͵ǢʹȌǤͳͺ͵C. bombiǤǡͶͳǤͷΨǢȋB. 
dahlbomii:ͶͶΨǡ B. ruderatus:͵͸ΨǡB. terrestrisͶͳΨǢ͵ǡȌǤ ȋXʹαͳ͹ǤʹʹǡPδͲǤͲͲͳǡdfα͵ǡnαͳ̵͸ʹͲȌͳͺǤͷΨB. dahlbomiiȋnα͵͹ͺȌǡ͹Ǥ͹ǤΨB. ruderatusȋnαͳͻ͸ȌǡͳͶǤͶΨB. terrestrisȋnαͳ̵ͲͳͺȌǡB. opifexȋαʹͺȌǤǡ͹Ͳʹ͵ʹȋ͵ͲǤʹΨȌB. dahlbomiiǤȋXʹα͵ͷͳǤͲͶǡdf αͶͻǡPδͲǤͲͲͲͳǢnαͷͲȌȋXʹαͻ͵Ǥ͹͹ǡdf αͷǡPδͲǤͲͲͲͳǢnα͸Ǣʹ
ǦȌǡǤ
Nosema bombi.ǤN. bombiǡ N. thomsoni 











This article is protected by copyright. All rights reserved. 
α͵ǡPαͲǤͲͲͷȌǤNosemaǤN. bombiǡǡȋʹǡȌǤ̶̶ȋͳͲǤͻΨǡnαͳʹͺȌB. terrestris
Ǥǡ C. bombiN. bombiȋXʹαͲǤͲ͵Ͷǡdf αͳǡPαͲǤͺͷǢǣ̵αͲǤʹͶͻǡnα͵͹ǡPεͲǤͳȌǤ





















ȋǡƬʹͲͳͲȌǡȋȌǤǦȋ	ʹǡȌǤǡʹͺǦǦȋ	ǤͶȌǤǡFȀȋͳǦFȌǡȋǣȌǤB. terrestrisȋ̵rαͲǤͲͶǡPαͲǤͺ͵ǡnαʹͷȌC. bombi ȋ̵rαǦͲǤ͵ʹǡ
PαͲǤͳ͵nαʹ͵ȌǤ











This article is protected by copyright. All rights reserved. 
ǡʹͲͲͶȋͳǤͻͷάͳǤͲͲǤǤǡ nαͷǡȌȋʹͲͳͲǦʹͲͳʹǣʹǤ͸͵άͲǤͺͳǤǤǡnαͳͻǢǦUαͶ͵ͷǡpαͲǤͲͲ͵ȌǣȋǤǤ×ʹͲͲͶǤʹͲͳͲǡ͵ȌǤͳ͸ȋͳͳͻȌȋͷǡ͸ȌǤͳ͸Ǥ͹ͲǡǦȋǦδͲǤͲͲͲͳȌǢǤǡC. bombi  ȋGα͸ͲǤ͸ͶȋXʹα͹͵ǤͳǡPδͲǤͲͲͳȌǡǤǡʹͲͲͶȋͳǡȌǤǡǦǡǦǦC. bombiǢȋ	ͶȌȋ̵ r αͲǤͳ͵ͺǡ
PαͲǤͲʹʹǡnαʹ͹͸ǢmαʹͶȌǤǦʹͲͲͶȋ	ͷȌǤǡ















Discussion ǦB. ruderatusͳͻͺʹȀͺ͵B. terrestris ͳͻͻͺǦǤB. ruderatusȋͳǡ	ʹȌǤͳͻͻͶȋ












This article is protected by copyright. All rights reserved. 
terrestrisǤǤʹ͸ǤǡʹͲͳͳȋ	ʹȌǤ B. terrestrisʹͲͲ͸ÀȋǡƬʹͲͲ͸ȌǡǡͶǡͲͲͲǡǤʹͲͳʹǡB. terrestrisȋ	ʹȌǤ
 B. dahlbomii B. terrestrisǤǤʹͲͲͶǡB. 
dahlbomiiB. ruderatusǦ×ȋͳǡ	ʹȌǤʹͲͳͲǡB. terrestris B. dahlbomii ǤʹͲͳͲȀʹͲͳͳB. terrestris B. 
dahlbomii















 et al.ʹͲͲͷǢ et al.ͳͻͻͻȌǤȋȌǡǡǡǡǤǡB. terrestris ʹͲͲͺȋ	ʹȌǤǡB. terrestrisǦǦǤǡǤ











This article is protected by copyright. All rights reserved. 
ʹͲͲ͸Àǡǡ
ǤǡB. terrestrisǡǤ	ǡB. terrestrisǤ
ǡǡǡǤǡǡC. bombiǡǤ	ǡC. bombi ǡB. terrestrisʹͲͲͶȋ͵Ȍȋ	ͷȌǤǡB. terrestrisʹͲͲͻǡǡȋʹͳǤ͸ΨȌȋƬ












This article is protected by copyright. All rights reserved. 
B. dahlbomiiB. terrestrisȋ et al.ʹͲͳ͵ǢʹͲͲ͹ȌǤǫȋǤǤǡƬʹͲͲͺǢƬʹͲͲ͸B. ruderatusǢ et al.ʹͲͳͳB. terrestrisȌǤ	ǡB. 
terrestrisB. dahlbomiiȋ et al.ʹͲͳͳȌȋƬ	
ʹͲͲ͵ȌǤǡǡ B. ruderatusǡȋǡƬʹͲͳͳȌǤǡB. dahlbomii ǤǡǡǤǫǤǡǤ	ǡN. bombiǤ et al.ȋʹͲͲͻȌN. ceranae	ͳͻͻ͸Ǧȋ et al.ʹͲͲ͹Ǣ et al.ʹͲͲ͹ȌǦȋB. atratusǡB. 











This article is protected by copyright. All rights reserved. 
Nosema ǡǤǡ
Apicystis (Mattesia) bombiȋȌǡʹͲͲͷʹͲͲͻȋnαͶͶͳǡB. atratus,B. morioǡ
B. bellicosusǡ B. opifexǡB. tucumanusǢȋƬ
ʹͲͲͻȌǡB. dahlbomiiȋnαͷʹȌ B. ruderatusȋnα͵ͲȌȋ et al.ʹͲͳ͵ȌͳͻͻͶʹͲͳʹÀB. terrestris ǤB. terrestrisȋʹͲͲͻȌǡA. bombiB. terrestris ʹͲͲͻ͵Ǥ͸ΨȋnαͳͳͳǢC.  bombiǣʹͳǤ͸ΨȌȋƬ
ʹͲͲͻȌǤʹͲͳͲͳʹǤͳΨȋnαͳͲ͹ȌB. terrestrisȋ et al.ʹͲͳͳȌǤʹͲͳʹȋ 
et al.ʹͲͳ͵ȌͶ͹ΨB. terrestrisȋnα͵ͲȌǡͷ͸ΨB. ruderatus ȋnαͻȌǢͳͳΨB. dahlbomiiȋnαͻȌǤʹͲͲͻǡȋͳͲǤͳΨǡnαͳ͵ͺʹͲͲͻȀͳͲȌȋ et al.ʹͲͳͳȌǤA. bombiȋǤǤǡ	Ƭ
ͳͻ͹ͶȌȋǦͳͻͻͺȌǤC. bomb B. terrestris ȋ	͵ǡʹȌǤ	ǡB. terrestrisǤƬ











This article is protected by copyright. All rights reserved. 
ǤB. dahlbomii ȋƬʹͲͲͺȌǢǡǤǡǡǤǡA. bombiC. bombi Ǥ B. ruderatusǡB. terrestris,ǤB. terrestrisǡǡǡCrithidia bombiǡNoema bombi Apicystis bombiǤǡB. dahlbomiiǤ











This article is protected by copyright. All rights reserved. 
Acknowledgments 
We thank José Montalva for help in bee collecting.  Financially supported by ETH Zurich, a 
grant by the SNF (no. 3100-066733 to PSH), the Carnegie Trust for the Universities of 
Scotland and the Percy Sladen Memorial Fund to DG. Genetic data shown here were 




Appendix S1. B. terrestrisC. bombi Ǥ
Table S1ǤǤ
Table S2ǤǤ







Figure S1.B. terrestris Ǥ











This article is protected by copyright. All rights reserved. 
Figure S3. ǡ B. terrestrisǡC. bombiǤ
Figure legends
Figure 1.B. dahlbomii ǡǡƬȋʹͲͲ͹Ȍ et al.ȋʹͲͳͳȌǢȋȌǤB. dahlbomii ǤǤB. terrestrisȋʹͲͲʹǡ et al.ʹͲͳͳȌǢ B. ruderatusǦȋȌǡǡǡƬ	ȋͳͻͺ͸ȌȋȌǤ	ǤȋͳǡͳǡȌǤ
Figure 2. ǡB. dahlbomiiǡǡB. terrestrisB. 












This article is protected by copyright. All rights reserved. 
ȋǡȌB. ruderatus B. dahlbomii ȋB. terrestris ȌǢ B. terrestrisǤ
Figure 4 ʹͲͳʹǦʹͳͲʹǤ
ȋͳǤͳͳͳȌǢFȀȋͳǦFȌǦȋkα͹ B. terrestrisǡkαͷC. bombiȌǤ(a)B. terrestris ȋ̵ rαͲǤ͸ͲͻǡPδͲǤͲͲͳǡn α͹ͻͻǢmαʹͺȌǤ (b)C. bombi ȋ̵ rαͲǤͶͺʹǡPδͲǤͲͲͳǡn αͳ͹ͳǢmαͳͻȌǤ
Figure 5. ǦȋFȀȋͳǦFȌȌC. bombiǤʹͲͲͶȋȌǤ B. terrestrisǤ̵̵ȋȌ 
B. terrestrisǤȋȌǤ̵̵ȋc.f.	ͳȌǤ













This article is protected by copyright. All rights reserved. 
Table 1Ǥ
id 1) Population, Region Date B.dahlbom
ii 





N   
Chile Central 2004 
Ͳͷ  ͳ͸ǤͳǤʹͲͲͶ ͺͷ Ͳ ͵ͺ Ͳ ͳʹ͵Ͳʹ  ͳͺǤͳǤʹͲͲͶ ͷͲ Ͳ ͳͺ Ͳ ͸ͺͲ͸  ͳ͹ǤͳǤʹͲͲͶ ͳͷ Ͳ ͳͻ Ͳ ͵ͶͲ͹ × ͳͲǤͳǤʹͲͲͶ ͳͶ Ͳ Ͳ Ͳ ͳͶͲͳ  ͳͷǤͳǤʹͲͲͶ ͳ͵ Ͳ ͵ͻ Ͳ ͷʹ    
Chile Central 
Ͳͻ  ͹ǤͳǤʹͲͳͲ ͷ Ͳ Ͳ ͹ ͳʹͳͲ 	 ͳ͹ǤͳǤʹͲͳͲ ʹͻ Ͳ Ͳ Ͳ ʹͻͳͳ  ʹͳǤͳǤʹͲͳͲ Ͳ Ͳ Ͳ ͵Ͳ ͵Ͳͳʹ  ʹͳǤͳǤʹͲͳͲ Ͳ Ͳ Ͷ Ͷͺ ͷʹͳ͵ ͳ ʹ͵ǤͳǤʹͲͳͲ Ͳ Ͳ ͳ Ͷ ͷͳͶ  ʹ͵ǤͳǤʹͲͳͲ Ͳ Ͳ ͵ʹ ʹͷ ͷ͹ͳͷ × ʹ͸ǤͳǤʹͲͳͲ Ͳ Ͳ ͳʹ Ͷͳ ͷ͵ͳ͸  ʹ͹ǤͳǤʹͲͳͲ ͳ Ͳ Ͳ Ͷͺ Ͷͻͳ͹  ͳǤʹǤʹͲͳͲ ͳ Ͳ ͺ ͷ ͳͶͳͺ  ͳǤʹǤʹͲͳͲ Ͳ Ͳ ͸ ʹͳ ʹ͹ͳͻ  ͶǤʹǤʹͲͳͲ ͳ Ͳ ͳʹ ͶͶ ͷ͹ʹͲ  ͸ǤʹǤʹͲͳͲ Ͷ Ͳ Ͳ ͳͺ ʹʹ  
Andes East 
ʹʹ  ͳͶǤͳǤʹͲͳͳ Ͳ Ͳ ͳ ʹ ͵ʹ͵  ͳͶǤͳǤʹͲͳͳ Ͳ Ͳ ͳ ͸ͳ ͸ʹʹͶ × ͳͶǤͳǤʹͲͳͳ Ͳ Ͳ Ͳ ͸ͳ ͸ͳʹͷ  ͳ͸ǤͳǤʹͲͳͳ Ͳ Ͳ Ͳ ͵͵ ͵͵ʹ͸  ͳ͹ǤͳǤʹͲͳͳ Ͳ Ͳ ͵ Ͷʹ Ͷͷʹ͹  ͳ͹ǤͳǤʹͲͳͳ Ͳ Ͳ ʹ ͸ʹ ͸ͶͶ͵ 
 ͹ǤʹǤʹͲͳͳ Ͳ Ͳ Ͳ ʹ͹ ʹ͹ͶͶ  ͶǤͳǤʹͲͳʹ Ͳ ͳͲ Ͳ Ͳ ͳͲͶͷ  ͷǤͳǤʹͲͳʹ Ͳ ͻ Ͳ Ͳ ͻͶ͸  ͸ǤͳǤʹͲͳʹ Ͳ ͻ Ͳ Ͳ ͻͶ͹  ͹ǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ ͹ ͹Ͷͺ  ͹ǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ Ͷʹ ͶʹͶͻ  ͺǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ ʹͷ ʹͷͷͲ  ͺǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ ͳ ͳͷͳ  ͻǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ ʹͻ ʹͻͷʹ  ͳͲǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ ͸ͺ ͸ͺͷ͵ ǤÀ ͳͲǤͳǤʹͲͳʹ Ͳ Ͳ Ͳ ͷʹ ͷʹ  
Argentina Atlantic 
ʹͳ  ͶǤͳͳǤʹͲͳͳ Ͳ Ͳ Ͳ ͻ͸ ͻ͸Ͷͳ  ͹ǤʹǤʹͲͳͳ Ͳ Ͳ Ͳ ͳͲ ͳͲͶʹ  ͹ǤʹǤʹͲͳͳ Ͳ Ͳ Ͳ ͳ ͳ  
Patagonia West 
ʹͺ  ͳͺǤͳǤʹͲͳͳ Ͳ Ͳ Ͳ ͳ ͳʹͻ 











This article is protected by copyright. All rights reserved. 
͵Ͳ 
 ͳͻǤͳǤʹͲͳͳ Ͳ Ͳ Ͳ ʹͳ ʹͳ͵ͳ  ͳͻǤͳǤʹͲͳͳ ͸ Ͳ Ͳ Ͳ ͸͵ʹ  ʹͲǤͳǤʹͲͳͳ Ͳ Ͳ Ͳ ʹ͹ ʹ͹͵͵ 
 ʹͲǤͳǤʹͲͳͳ ͵ Ͳ Ͳ Ͳ ͵͵Ͷ 
 ʹͲǤͳǤʹͲͳͳ ʹ Ͳ Ͳ Ͳ ʹ͵ͷ  ʹͳǤͳǤʹͲͳͳ Ͳ Ͳ Ͳ ͳͶ ͳͶ  






id 1) Population, 
Region 1) 
Sampl
























This article is protected by copyright. All rights reserved. 
ȋͲǤ͹ʹȌ ȋͲǤͳʹͻȌ ȋͻǤͲ͸͸Ȍͳͻ  ͶͶ ͶͲ ͷǤͶ͸ȋͲǤͺͶȌ ͲǤ͹ͻͳȋͲǤͳͲͳȌ ͲǤͺʹͷȋͲǤͲͷ͵Ȍ  ʹ͸Ͷ ʹ͵ʹ 
  
Andes East 
 Ͷͻ  ʹͷ ͻ ͶǤ͸ͳȋͲǤͺʹȌ ͲǤͺ͹͵ȋͲǤͳͶͻȌ ͲǤ͹ͶͶȋͲǤͳͲͺȌʹ͹  ͸ʹ ͷ͹ ͶǤͺ͸ȋͲǤͺͻȌ ͲǤ͹ʹ͵ȋͲǤͳͲ͵Ȍ ͲǤ͹͹ʹȋͲǤͲͻ͵Ȍʹʹǡʹ͵ ȗ ͸͵ ͷͶ ͷǤͶ͹ȋͲǤ͹ʹȌ ͲǤͺͲ͵ȋͲǤͲͶͻȌ ͲǤͺ͵͵ȋͲǤͲ͵ͻȌʹͶ × ͸ͳ ͷͺ ͷǤͳͲȋͲǤ͸ͳȌ ͲǤͺ͵͸ȋͲǤͲͷ͹Ȍ ͲǤͺͲͷȋͲǤͲ͵ͻȌͶ͵ 











 Ͷͷ ͵ͻ ͶǤͷͶȋͲǤͷʹȌ ͲǤ͹͹͹ȋͲǤͲ͹ʹȌ ͲǤ͹ͶʹȋͲͲ͹͹Ȍ͵Ͳ 











This article is protected by copyright. All rights reserved. 




id 1) Population, 






 Chile Central 
2004 











This article is protected by copyright. All rights reserved. 
  
Chile Central 
 Ͳͻ  ͷ ͷ ͹ ʹǤ͸ͻȋͳǤͳ͵Ȍ ͲǤ͹ͷͲȋͲǤͷͲͲȌ ͲǤͷ͵ͻȋͲǤ͵ͷͻȌͳ͹  ͸ ͸ ͺ ʹǤ͹͵ȋͲǤͻ͵Ȍ ͲǤ͹ͷͲȋͲǤ͵ͳͻȌ ͲǤͷ͸ͺȋͲǤʹͳͺȌͳͶ  ͵ ͵ Ͷ ʹǤͶͻȋͲǤ͹͹Ȍ ͲǤͺͳʹȋͲǤ͵͹ͷȌ ͲǤͷʹͳȋͲǤʹͲͲȌͳͳ  ʹͶ ʹ͵ ͶͲ ʹǤͷͲȋͲǤͷ͹Ȍ ͲǤ͹ͷ͸ȋͲǤ͵ͳͳȌ ͲǤͷͷͳȋͲǤͳ͹͹Ȍͳʹ  ͺ ͵ ͷ ʹǤ͹ͳȋͲǤ͹ͷȌ ͲǤ͹ͲͲȋͲǤ͵Ͷ͸Ȍ ͲǤͷ͸ʹȋͲǤͳ͸ͶȌͳ͵ ͳ Ͷ ʹ ͵ ʹǤʹͷȋͲǤͷͲȌ ͲǤͺ͵͵ȋͲǤ͵͵͵Ȍ ͲǤͷͲͲȋͲǤͳ͵͸Ȍͳͺ  ͺ ͹ ͳʹ ʹǤͺʹȋͳǤͲͶȌ ͲǤ͸ʹͷȋͲǤ͵͸ͻȌ ͲǤͷ͹ͲȋͲǤʹͻʹȌͳͷ × ͵ ͵ ͵ ʹǤ͹ͷȋͳǤʹ͸Ȍ ͲǤ͹ͷͲȋͲǤͷͲͲȌ ͲǤͷͶʹȋͲǤ͵͸ͻȌͳ͸  ͳͲ ͳͲ ͳ͵ ʹǤ͸ͳȋͲǤ͸ͺȌ ͲǤͺʹ͹ȋͲǤ͵Ͷ͸Ȍ ͲǤͷ͹ͶȋͲǤʹͲͺȌʹͲ  ͻ ͻ ͳ͵ ʹǤ͸ͳȋͲǤͷ͹Ȍ ͲǤ͹͸ͻȋͲǤʹͻͶȌ ͲǤͷͺͲȋͲǤͳ͹ͶȌͳͻ  Ͷ Ͷ Ͷ ʹǤ͵ͲȋͲǤͷͲȌ ͲǤ͹ͷͲȋͲǤ͵ͷ͵Ȍ ͲǤͶͺͻȋͲǤͳ͸ͺȌ
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